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(54) INTEGRATED PHOTOELEMENT AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a laser part in 
output characteristics, by a method wherein the PN 
junction of a first photoelement formed of 
semiconductor which is higher than a certain value in 
carrier concentration, and the PN junction of a second 
photoelement formed of semiconductor whose carrier 
concentration is smaller than an certain value, are 
formed. 

SOLUTION: An N-type InP layer 70 smaller than 5 x 
1016 cm-3 in carrier concentration is formed on an N- 
type InP substrate 11, and an N-type InP layer 80 larger 
than 5 x 1017 cm-3 in carrier concentration is formed 
thereon. In a laser part 10A, an active layer 12, a guide 
layer 13, a P-type clad layer 17, and a P-type contact 
layer 18 are successively laminated on the N-type, InP 
layer 80. On the other hand, in a modulation part 10B, 
the active layer 12 and the guide layer 13 are removed, 
and an absorption layer 14 and an I-type InP layer 15 
are successively formed in place of them. By this setup, 

an InP junction optimal for both the laser part 10A and the modulation part 10B can be provided 
without adding a crystal growth process. 
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•£ titers, (g^ig-?, u— •fgpi^sggp©^ 



ao m 00 *— 
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1 

[tmm i ] R-(DK«±cc^$nyt» i coytm^t 
t, 

mum i o3HR^<fc bmbsi 2 ©^sR^-o-en-etitt, 
mum i oytm^omup ng^^Mu^^i* 
0i>i*ft*»K 1 sx i o u cm- 5 OT©i i t yraK* 

mummi.ttcfcj&ztitcm i ^n^om i o^m 

20 

swasr i ©^*n(o±^^s n*:* i mm&vm 2 

mum 2 (D#sw*4>fc < £ h . 

«iEJtR±«:}5jas «w(f 1 ^n^om 1 30 

<fc* 

OTB»io^ttW©±cc^h^^^KK:jBfiRSn. inr 
^iowOTij^snrc»s»2 6»aa»i. 

Bf& U r l > 2 3 ©¥£WB £ , 

ffifia»l©**«H<D*+ UT«K« t 5xi0 17 cm 
8iff BIS 2 <D^#JI(D** 5x 1 o 16 cm 40 

[tf^3 ] «rie»r2©*3R^«, mum 1 <d*w«i 

tSfisBSB2®a»«88£OIH«:^ h v4 7WtStt6ft 

*. mum 2 <o¥m&® ^zhicmrzct znm t t 

Sfll** 2 sB»<Df6SM3fc^o 

mumzoiym+te. M«wr*D, 
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2 

IWBS 2 7 * h # j *- F T?*> 0 , 

ma* i mum 2 o^nwoi 

©Kaffir* -pT. 

V l »«[©WriB**flat«±K:, Sfi 1 Slioi l o 
mnssi i <D¥m&m<D±.tc s mum 1 o*»ft»j: o & 

SfgB*2©3fc* J ?-£<j:S»»CC*j^r, huSB»2 0*« 

#ao s % <D'J>ft < t k-as* x 9 > l r «r is 
mum 2<D¥m&m t mumm s nfcitriBig 1 ©^aw* 

%*tm2<Dftm*tz'j>te<tbffiztcmmmytm* 

we* i ©¥^»®o±tc, tJiesr i <D*m#m£ k> i> 
rmm&m^m 1 mmm<om2 o^mwrn^nm 

mum 2 <D^2gwi<D±&c, mum 1 <o%m^-<oic^<D 

#»©±K»2<osiiftHitts*wtJi**a-r-5xa 
«n Bm 2 o^»s§ £ ^>*^f*ii <t iff 2 co*^{*ji 

»2<Da»«K4»«rS'iifeCC. ^-^H^mflB^ 1 

1MB* 1 cDzSiSBi tuiam 2 <Dzg&& £ 4*ti^na«> 
iiOcfc^CC. »2»«S!©SF3©^tttJBSrJBfiK-r^X 

[»*I8 ] Rl— 0*»tt*fi±K:jgflE3ft/c» 1 CO* 
*^-it»2CW6*^<k*d>ft< i fcfltiL^IUaa*** 

» i **s!c!>ufB-*«»s«±K: 4 m i mmmcom i o 
*»*ji*»«^*xai. 

meff i <D2m#mo±tc* mum 1 cd¥®#^j: *> t> 



(3) 

3 

-r*xn<t, 

mm 2 <Dtm#m <o±k % mesar i <o^m^<ofc^<o 

B£. 10 

«rfB*2©*«^5i 1 ^aewsr&9. 

IftiBJff 1<2^«1<D* + Vrmm*. 5xio l7 cm 

HffiaS2 ©^aiftji©^ + uraitttt. 5xio i6 cm 

•«2»1 VraUttt. 5xio w cm 

8WB*2 O^af * V 7«i£W:. 5 x 1 0 16 c m 

- 3 htt* zct ?z> m^m 6-8 oi,>?ti& 

[AROBMttVHJl] 30 
[0 0 0 1 ] 

^^'J^^ (monolithic) &C^lig£ft, 
[0002] 

[WW] *7r^^l^c2. 4Gb ps 
# • tT 9 h ^lOGbps CD{E3HMK"CC>@^iI 40 

[0 0 0 3 ] HTttt, COct ^ WW®**** It 

wia»wu-if*^t«K:*wr«9!r*. cms 
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4 

»«fflU-1f (DFB-LD:Distr ibuted 
FeedBack Laser D i ode) i t fl- 
«f«IBSiOr(0«IWRJ|Kffl*KIBHI ( E AM : E 1 e 
ctro-Absorption type op t i 
cal Modulator) & £ s*)Uv$ bCMW. 

#g#£ft. £tc. EAM(C*fUT»«*S«*SiK* 

l>T#&LTl>£fcgl. 55/zmS(DInGaAsP 
/ 1 n P&tfW&m^tcmi&M*frsLtc. Ttetot. ^ 
WSiRSfflU— WRTl 0 Ott, U-tffPl 0 0 Ai^ 
I8S51 0 0 BiCCj:f5«J5RSnr^S. 
[0 00 5] U-ifSPl OOAm^tt, nilnP 
Sffil 0 lo±cc. n^7-; KI10T , rittWl 

0 2, ^Jcfc^-r f»i o 3*5ja*a»snn^. c 

cr, nS^y FliOT ttnll nP, SttJl 1 

02ttInGaAs P^6^5MQW (Mu 1 t i p 1 

e Quantum Well; ^ll^p) flKfi, 

#V Kit 1 0 3OTW^O F^* I n 

GaAsPK£9«i&T£C£#rS*. 

Jfl 0 3O±gPtC5i|pl»r«^ (^U-?w>£0 103 

ambsesitci**. 

[0 00 6] #KB3«51 OOBJc^ttt, MQ 

Wrgffil 1 0 2 iBSr*SiW*^^ F» 1 0 3©— 

*©ffcb9fC. InGaAsP^6 
&SMQWR4XB 104iiiInP1105 &)MR% 
flWSftTl^. MQWg&iRjf 1 0 4&i, QCSE (Q 
uantum Confinement Star kE 
f f ec t) aiiaoTDFBU- tf9U 0 0A^6 

[0 00 7] CO£9MIMHMttl'-- !T**1 0 0 
CC*»C»r , D F B U-lfSP 1 0 0 A©*ai«BH|J»-rft 
fc>*Sf5j^£>l 02fcJ:c;i 0 3 £ v #£WSP1 0 0 B 
©»K«»B»#T&Jb*|gia4>© 1 0 4 £<D»iggp 1 

0 6tt, ^?F-^a^>h (butt joint) 
iPftfti*. H • • fctet>ttt, CCD±&C. p - I n P 
tvv FBI 07fcJ:O'p"- InGaAsPt-S-?^ 

• Mil o 8*saHsnri^ B *^c*« k c 

10 6C7)±&C« V IfA'^©1^7'fVl/->3> 
(Dtc&ttC. mmffiO^a F> (proton) flSS*SH« 

1 0 9*s»W^n-5. 

[0 0 0 8 ] C©»i&#^na« (BH : bu r i e 
d heterostructure) JCOC^r, tHK 



5 

a -a* mvWKbitWmWk^Wrib, P~n$^ 

[000 9] CO*afiO*^©fffiRCC|SLT«, s-r* 
_L2iO/cp- I nP^7*; FJ1 1 07i3>^^ hlg 1 

0 8*a*r**nc. rSttJf 1 o fjii 0 3<h 

««W4i*l. 2Mni(l©>1l , ^F7^(mes 
a-stripe) JBttKttS J: 5Kx ? 

S i 02M^ii^L,r^B B Q ^^^#L, 

-eoWKtc, P - I n PI1 0 7 hJf l 0 8 

h^^^CD±ffitCS i 0 2iK«l 2 2 5 

[0010] 

ffil 0 1 ipil nP^? FJt 1 0 ■7iO# J &»l. 

so^Msns. c<z>#**d« % *ata*^ioo 
©u-ifSi o o ak:o<,»t*S£. u— !f««M¥* 

Ktt«^<fcOTMM"*. I nPJf 1 0 7£r£ 

14H 1 0 2 tomMZ^r tlZ>. Ctih 
<D& t-^r-a m-S t tttt*n«SfflK#»ft £ tab 

[0011] L*pU »Sttfc«»4i*3e*Sfc*frK: 

co^^msinPiior te«fccn o 

7<D*+i>r«Ktt> 5xi0 1? cm- 3 ^lr^5C<!: 
#g£U<, pffi^«» , C*-6Zn^ffittlil0 2«:ffi 
ffcL^T<fr£ffift<Dl x 1 0 1$ cm- 3 fIgc!:T^C<!: 

^i, in p*^g^ 1 5 o<Dmmmmm&&T&*) . 

[0012] — USSa^?- 1 0 (XD&ffl^l 0 0 B 

Epjjn£tt& 0 l*»u in phi or fc^o'inPi 
i07©tturrag^rn*)5x 1 o 17 cm- 3 w± 

r**<h, pn^<D^««#;fc*<tt*K 2. 4G 
bps^lOGbp s(c*5WSWill6f¥^H»ca-5. 

SInPJilOr nPJll o 7o*+';r 
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6 

tti«l x l O^cm^WTtA^Ci^^^I^L 

[0013] ccDcfc^tc, mmrnxM^oi-— fsbi o 

OAiXHSlOOBiOHm InPllOT ft 
I n P Jf 1 0 7 <D**&* + y TfflK^Rft:^. 

— tfSPl 0 0Ai^S8»l 0 0 BOtttefcHStTSCi!: 

[0014] en-encosp»ico^T, inPH 

10 10 1' a*W*I nPil 0 7*81* fcj&SO <t 5 <t 

[0 0 15] -7?, B9«:> fS2CD&#^£LT, 
*if£ I n P Jg I > Sfci&affl«fi £ TOSS 

(semi-insulating) £ £ flic InPH 
20 1 6 0KJ;9iS&iA£ftTl>£ o InPfCfcl* 

I nPJll 0 7&C£*<**l£Zn<2: I n Pi 1 6 0 ttCH£ 

[0016] *»w»^s^[ccfi*-c^snfcfeoT 

[0017] 

&ot. «ria*io** : fiifga»2©3tK^©-eti-€ r 

3i*<Dt*"rti^W, 5x 1 0 17 cm-*JH±0*+ T« 
S^WL. mrieH2CD^T-©Syiap nM^^jSOr 
C»&*«<*OC»-r*i3W*, 5x i o l5 cr 3 W^t 

*• 

[0018] */c. ^AVKcJc^DHRajKXW, fsj— 
50 OS 1 SiaoSfiiiJCMS ti/cS 1 0^i»2 



7 

tern 1 mmmom i <D*m»m 1 . msar i 

CD±K^J& 2 ftfcfS 1 2 ©¥*»» t , ItJIfi 

HI 2 ©¥3H*»©±«:* F7>f ^ttOC^fltS ftfc» 1 © 

tWBK>«H«:«r»T, |ylsm2<D^«»©iSI4or 
p n m&*Bl& LX \,*&M 2 il^i 3 <Z>*W»Ji 
<t, ^WU, fflie»2©#*?-tt4>&< it. mfiBSS 
ifc»*S*ifcJI l Sttios l o*i(Wt , mm 10 

1 ©*a»{*JB©±K:* h7-i ^««c*ats ft, MiBm 1 
(WiSRiiSBS tit 1^*2 OVKB^: . mti9ffl& 

5 ccjbjss ft. vre«iaBoNBK:49c» 
«rss*io*»ttiiiSfti[Lrpn«^*»Scur 
(r^»2*^C0»3<J0¥**»i, wu, Miami 
W«*IBO+ + »;7«S«, 5 x l o 17 cm" J W±r 
*9, iyiBlS2CD¥SW!0*i> 5 x l o 

ift cm- 3 J^TT^>^^<DiLTit^$n, ^ft^ft©* 

20 

[0019] c cr 4 fjiB^2 ©jfeSR^-tt. 8WB« l © 

<t lOTBSff 2 CD^K i ©HK X h ^ *Y ^««CK 

mulx 

[0 0 2 0 ] *^tCj:^^I^i It 

©, &*1>&*¥«#U-1F*^&7* K<fc£ 
[0 0 2 1 ] *ABfC J: SISBSDI^^BiKf 

ffitt, f^-CD^ftSfeiiCC^$n7cmi(D*^<t 30 

02 ©#*^<L£4>& < i *>«*./c«aS[*3R^CD«jfi 

sa^ot, mi«mMo«uiB¥^i*a®±cc, ®r 

»mss[©l& 1 ©*»»H4Mt^Xii, IMBS! 1 © 
*3M*JB©±Cc\ HJiBSI 1 <fc H^+VTS 

bdwro* 1 zgm^©02 ©^*f«i*j&jsRT*xa 

WB»2©*«^ifta»»«:toi>-c. 11(113*2© 
^{*»©5%©4>ft< «%x^>^iOt 

»«a[<D*3o*an*»*»fiS:-rsxsi. 40 
our«fi6$n, 8e*iJt^r«jus»xs*it*-rc 

*ft*ft©#**tcoi»rMttpn«^*# 

[ 0 0 2 2 ] £7t, *j^«cJ:-5»Blffl36«^Dl8fi* 

0 1 a>¥VtHI*»j«T 4I8i • WI2» 1 ©¥«««■ 
o±cc, mFIBSd 1 o^WftJBcfc 0 * y rttttiW*^ 
*iWfflo*2©**»»*Bfitr*xai. ma* 

2©¥3«*»©±«:, BITI30 1 <0%m^<Oic^>(D^ V =7 
-f^tt©»l©3»88B**JiW"SXSi, ftuiB02©7c so 
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JRT-ift&WWc^T. OTEW2©*»{*«©±K:3* 

mm&t **ft*ftttaM&t*,fc 5 02 3 
n, «*itt^re«j5S«xs«:«i^rci<t<, *ti 
r#s. 

[0 02 3 ] *»93CC cfcSaaBS36*-f-0» 

^©0 1 o*»*Ji^flErsxg«t, iugasi 1 <omm 
*m©±&c, mem 1 <Dmm»m& *> + u y«a»s 
w^*i*«a©»2©*a«t»*?Bflcr-5xei. Mr 

iB»2©*iSf*»©±K: % MfBffU©7ni^©fctf>©X 
*L/-Cfirffi»l©¥aK*e«:Kffl3^5Xgi, fulfil 

Bis n/cstriam 1 ©^**«©±tc«rf2» 2 (oytm+o 
fc&©* h^-/^Ro»2©*aBB*«j*'raxai, 
wiami o*^KiMiBii2<D#^<h^^n-enis^ 
3&tf<fc5tt\ »2ma(D»3o¥«fMi«»dE-rsx 

p n m^znm? scim^. 
[0024] ccr, ^iswtc^sisaBB^SR^iLr 

cd, * S ^ u -If ^ t t ZZ&frtt 

&tcb<D&tm-C& 0 , BUIB0 1 ©*3W*JH<D+ tV7 
T*Gt«. 5X 1 O^cm-'HiT^l ttgB»2<D*z» 

yratttt. 5 x 1 0 15 cm-'vtrt -rsc 

[002 5] 

saii«6»©*+yTMtttt, u-tfWT«w< u 

^■T43B»6c, W**i;r«*©Jli^«ifil»Bi* 
^W«cJBaur*J<. aa?>ii*«©J|gflEXS«: 

©*ji**n^<i*a{brsc i^-c*s. 

[0 0 2 6 ] BIT. Hlt#IHl^*R!BO*io» 

^©«BW»tt*a-r«5SHr**. ract>«, hihw. 
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[0 0 2 7 ] $/c, 0248^^8 3 *tl**i. Ml 
©a-a' SL b-b' «-CWKUfcllB>rHBI"C*S. 
[0028] **M«:*Jt»rtt, nl I n PStE 1 1 © 

KQW^nll nPI8 0 <b#ff Jl£ ftTOSo 
[0 0 2 9 ] ^<DtffE&£, W^i«TO*P< 
So ST. nf I nPSSl l©Bc k n' II nP» 
7 0OTBfli3ftT<r>*. C<DJ3 7 0G>* + >;rttflC»5 10 
xl0 ls cffi- J t^D, pnS*©2^©{*WC**8 
*»fctf£7c«>K:. ffl»2 um&3ft?l>S. 

n" MInP17 0O±CC, * + UTSffi^ 1 x 1 
0 1 ' cm- 3 OnIl n PJf 8 0#fS/I£ftTt,>So CO 
JfOJfJIB, m?U&mO. 2 mnit-SCi^tti. 
[0 0 3 0 ] S&CC. U-lfSPl 0 AtCteOTB. ni 
I nPH8 0CD±^c. ffifflBl 2, F113, pI 
Fll 7*J:#pH:a>**hJBl 8 *sjRK8|j| 

snr^s. cct, r£14Jli 2», wit 
winGaAs pmzmnmicmm btcMQv/mmt 20 

U tf<< FJI1 3B**iJ:«3/t> K*> t> I 

nGaAsPU^«t^Ci^H. 

FJH-1 3 ©iWctiH*?** 1 3 A^fiRS ft, D F B 

[0 03 1 ] — XSBUl 0 BCCfeC*^** MQWrg 
tt» 1 2 &EHr«FF-«»^-Y FJf 1 3 3Wft^fti&*i* 
ft, InGaAsP*6WMQW»iR 

mint imi nP@i 5±#JB;fc«JBSftTi>a. m 

QW»IRJ114«, QCSE»ltCj;^rDFBU-if 

»i 0A*>6)©*tH**a!3a , r#^«fc5cc»RE3tiri> 30 

So fc*y, flifiSL/c I nP17 0*5<fc£f8 Ott. «f 

»i 0 Afccttfawwi 0 BKtetvr, ^n^ennf^ 

[0 03 2] BI2*jJ:ona3Cc^O/cJ:5Cc. rS&H 1 

2, #-{ vmi 3to£vw.wmi -eft-eft-* 

F 54 ore* *. XMffl 

nS I n PJ18 OfcHWC-rf-tf- • x-;f>^nr^ F 
^-r^ttCC^jfiSti, ttyrSlK^fiOn- IlnP 40 

mi o<osiffi#»tisft*. 

f~" [0 0 3 3 ] 2 CO^If • F 

■ 170±Ktt, Pi3>^ FBI 8#8MSft. U 
-IfSBl 0 AiSHWl 0 Bio^SWcte^TB, C 

©RBB, !Hfci'y:3>&£teJ:S««R2 0K<fc9« 
toft. *©HP**H/t:* pffl«®3 o#*s*a$ftri> 50 
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^^ftr^So - 
[0034] #«SBCcj:fttf. H2(cSl/fcJ:^K:, u 
—if 95 1 0 ACDtSttH 1 2 ©SBtciJC^. *i£>iA^Ji 
r^pIInP^7-;FS17«, nIInP118 
ipn865 0*M«. CCt, nIInPI18 

B* * U TiSS^t^or, u-tf ©^«M1w>fc*e>tt: 
^s 0 sttHccftiftisaswccas^-rscis&j 

[0 0 3 5 ] CCt, pn«^5 OCDJIR&l$rta«I«86a 
K4*<*»rs^ia«>cctt. nil nPB8 0<D*+ U 

[0 0 3 6 ] — -fi, H3fc:7nUfcJ:5K:. £R3in 0 B 
©RiRJBl 4©H1BK^»"C», tl&jA^Jir&SpI 
InP^75> FBI 7JJ, n" IInPI70ipng 

^50' ccTaHSottffiKnaorB, 

pn^50' CC*f L xm'HTXtttm S ft#, n" 
1 1 n P 1 7 0 t V 7M^l , png^O 

fiS«*ft*£2Btt, **yr«KjW6<J^B»W*l> 
n~ II nP@7 0(D*^#a e SCi^r^S/c2s?)OC, 
pn8^50' ®S£fflt#<S*3ft. SMMU10B* 

n&-£5 0' OflFSSfi^+^&CfiilS-rSfc&CCtt. n 
■fiInPi7 0O*t»iriBlfc 5xiO ,6 cm" J 
«T*C&SC<t#S2 IA> 0 
[0 03 7] ##MB«:<J: Smffil^JM 1 1 0 
ii^ffitco^r. Hl-H3*#JHLoo»lB-r*. * 
r» nil nPlSl ldXBC n* IInPI70i 
nil nP18 Otixt^^t^aaH-S. COiB 

(MOCVD) ^. ffitB^fi^ (LPE) . {b^e-A 
• if^^tibft (CBE) 4£*fflC>£C<fc#T# 
So H7 0(D^t yriSKB$l5E 1 5 cm - 3 

t t B*ttli)2mni«Ci*ST**. CCD/17 0 0 

*+yr««*ro*«. pn«^W7^*EuiDL 

^«CimiC^o H8 OO+^'JT^Jg 

Wixio^cra- 5 ^ HilB^O. 2umt-?*>C 

<b*5-c^So flu cft6©»o*+ »;t»k^ib/» 

7 0©^Cft/cot, SKI 1 ©±{CH^U3tCC^ I n 
[0 03 8] ^^C v r§tt@l 2. #-Y FBI 3^t^ 
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i34 F»l 3©±t08#t$U^* hSrS&tiJU fit 

v^^tcUT, *V KM 1 3<^M^#£||{b7k^ (H 
Br) Z^tf^ ^V-$Z>-f5 

[00 39] ^C, mmmi OB<h^^^0*V 
FI1 3£r£te)Il 2 ££x*^>^|&£T£o 
t\ COB^SP^, MQWMlUii^InPi 10 

[0040] £6frc, tmmi ztijj khi 3, 

O'^iRJl 14£iIInP115 h^-Y^tfcKv 

comc^ u-ifsju 0 A^fe^-a*. n 

SI nP@8 0(DWm'hmm-tZ>£-Cx.y*>l/&T 
5* £tc, ^H9$l 0 Btcte^Tte. n- SlnPJ17 
0<Dg®^ffiT^^rx y ^>y^ff CCDX^?- 
>SOjg«, I n P Jl 7 0 <b I nP180i <D^1!"CJ8£ 
SK#±$i*S<ft^tefr< , InP170^t- 20 

[004 1] Cft^CDzSigB* F7>f ^OWflBfi 

I nP^9 v PHI 7teiCfpS3>*^ Mil 8*IB 

14©3»iKB^h^-r^a«>ii^J:^«:ur, InP 
KJ1 1 7£x h7^^«CCj«R«Efi-r-5Ci^r 

[0 042]*^ *x-^(D*H^»*»{bS/y3> 30 

i(Au)«:i'©7Xi'tgSl, u-if 
Wl 0 Ai»l 0 BiO«^a5»«:BBP0r, 

C©»iSK««l 9tcJ:*K U-tf» 1 0 A i^Pi 

35 1 0 b <b zmmmtctmrz c ttfi-cs z> 0 
1 0 0 4 3 ] v *-»<Dmffi±#&vmm 20^ 

pfll«S3 0<:Sdrr«. M^L/c^n h> 

cojHWtt, copiw««3 0<ojBsa:s©aK:siE«L/r 
[0044] #«wcc±n«. se*iJt^ris«aEftx 

I nPJlin- MI nP»£**ft^ftJ30*tCJiSfil/J: 
^i-T^i, l»m^C[)I nP»*J58fil/W*CC % tf* 50 
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3Hfc«fc*i«. -«<DfS*SE«xa6C*Jl»Tn- il nP 
17 OinSI nP»8 0±*a«Wfic8IJBU S!93ffi 
1 OBSCte^TnSI nPJ18 0^^-T^CiCCj: 

0, u-ifsui oAtgmm 0B<b«c4dt^T-en^n 

0B©»JRJI1 4©BCnMI nPS80^^h7>f^ 

ntci®5t3n^*>o-e«^^. Tfcfc*3, smasi ob 

CtfcUT. nil nPJSSOSr-r^TB&feU SfcHL/c 
n- SI n P17 0<D±.liCmm 1 4 *Jgfi£T * «fc 9 K 
ItfeAl*. C©J:5CCLfc»^K:tt* U-lfBBl OA 
<D?£ttJI 1 2-$>#>f FH 1 3 <b©^tt^t>-ff^/c«) 

nil nPi8OcDXh7^7'0«I<!:pMI nP 
ill 7<t©IHr»JSRSti^pnS^CC#5»aS«*» 

[0 04 5] *«W(CJ:-5»2 OSMSStMPHHc 

[0 04 6] cti^cDmircmLtcmmmftm+Q o«. 

If SB 9 OAiS36SB9 OBisd^fj:^ U-1fS09 
OAit a^ii^SOSJfiK^W-r^DFBU-lf*-? 
■C^O. ^^P9 0B«. pMf^IinS^I 

^«9>*««&a*aiSft»aiC!>p i nV* h#J*- f-c^ 

[0047] cvmmmytm+Q otta<si<>xh % nai 

nPlfl 10±^C, yr«ROiSC»n- SI nP 

■i + tyritt0ift»nai nPiso ttmmzti 
ri^o U-1f»9 0 ACDlffiS«. mi*$£vm2icM 

[0 04 8] L/-1fS|59 0AtC4dCir«, S5CC^L//c 
W*(r» I n PKJ:0»flS3*iTl»& o ^t, 

cfc^^c, ja*ra{c«a4i*u/cu--!fi8«i(oi«©«a«]* 

[0 04 9] —15, ^*a59 0 B«, InGaAs*^ 



(8) 

13 

I n G a A s Pfti*rt»6&*#»JR»9 5*«r 
h. C©#WWB9 5te, U— !f»9 OAOySttJBl 2 

0£p§* I nPJf 1 7£te<fc«3»!ffiS*i&p ng^5 

0' Off^SaSr+^^iSSr^^Cctt. n~ SI In 10 
Pi7 0O*t"»;Tl«tt» 5xi0 16 cm-W* 

Mff+JMcflfc***^ 2Mm«±it^Ci^ 

[0 050] *«|l!«CJ:ti«, niInP170«, * 

*yr«u»HE<, *©m)9£/*<t*c<!:#-c*s© 
■c, ^*SP9 o Bos*^ap»©p n«65i' 

[0 0 5 1 ] J*LL *^©»6 20 

[0 0 5 21 

*l&1$rr ZZtlC^K) , U - If <D«Bttff<Dfc«>K:JK* 

i^cma** l fcmc „ i nP m^commmwtm^M 

§F£^S#<g;«2ft. KHff«iKiK-Cttf^S«SC 40 
[005 3 ] £/t, #S9§K:j:*i«, u-ift*KH« 

[0 05 4] *«IBCCj:ntf, S£*<i:J:b^"CJB 
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+ y 7«fi#»fc*¥«*M***i^te«M u -eti-e 

[02] 01 Oa -a' «rfflKbfc«KffiepC**. 
[03]01Qb-b* *aT^RUfc^WM0T£>£„ 

[05]04<Da-a' «T«KL/A:!ll»fffiiar**. 
[06] 04CDb-b* «TttKLfc«WffiBr**. 
[0 7] SEiWaMfflU-1f©»i»^©KB«Si* 

[0 8 ] aiwasBisu-if*^ 1 0 oomm&icmm 

[09] m2<D$&kVt£LX. «SInPI^ 
[tWMJWJl 

10, 90, 100 mmm^tm^ 

1 OA, 9 OA, 1 0 OA !f§P 

1 0B, 1 0 0B 

11,10 1 nil nPig 

12. 102 rmm 

13,103 iUYM 
1 3 A, 1 0 3 A OlFrfS^ 
14, 104 «JRM 

15.105 i^InP^ 

16. 106 rty h -VbJ^Y 

17, 10 7 pS^77 KM 

18, 108 pffiaZ/dr^hM 
19,10 ig&SiJI 

3 0, 1 30 pflJm® 

50, 50', 51, 51'. 150 png^ 

4 0, 1 4 0 nffliJ^® 
7 0 n" SI nPJf 
80 nSInPJl 
90B 

9 5 rjkm 
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